Analysis of surface and tooth-specific data from NHANES I and HHANES shows 
Introduction
The adoption of dental sealants has been discussed widely, and it is often suggested that the recent decline in caries make the use of sealants an attractive option (1, 2) . These suggestions are based primarily on the apparent decrease, because of fluorides, in the proportion of proximal surfaces that are carious. As fewer proximal surfaces require restoration, the occlusal surfaces that can be saved by sealants will not be lost in the process of proximal *Nuw with the Department of Community Dentistry, Faculty of Dentistry, McGill University, Montreal, Quebec, H3A 282.
restoration. This paper reviews available surfacespecific data to assess the implications for sealants of recent trends in dental caries.
Available Data
While there are numerous reports of DMFT and DMFS rates for specific subgroups, most notably 12-to-14-year-old children, there are few sources of data that provide tooth-and surfuce-specific caries data over a wide range of ages. Those data that do exist are usually limited to children, with the oldest group included rarely older than 18 years (1, 3, 4 (5, 6) . Over 20,000 individuals ranging in age from one to 74 years were examined in NHANES I; 7,462 individuals aged six months to 74 years were examined in HHANES. The computer tapes with tooth and surface data from both surveys were obtained from NCHS for analysis. The data were compiled, surface by surface, tooth by tooth, for each single year age group in the surveys. Sampling-weight variables, estimated by NCHS, were used to correct for the oversampling used in the surveys. Detailed discussion of the sampling and its implications for analysis are presented elsewhere (5, 7) .
These data from NHANES I and HHANES provide a picture of dental caries on a surface-by-surface basis in the respective populations at the time of each survey. Whereas the data from the Southwestern component of the HHANES do not, unlike NHANES I, represent a statistical sample of the United States population, the children in the sample are remarkably similar to all children from that region, based on comparisons with NIDR data from roughly the same time period (8) .
It is also important to state that both are crosssectional surveys, and thus require cautious interpretation. It is impossible to say whether the pat-terns that appear in the older age groups in these data will be the same as the patterns that the younger groups will experience as they become older. On the other hand, it is hard to imagine that longitudinal data would be of any greater value, because by the time the decades required to gather them had passed (even if it were feasible to keep track of a group long enough to do so), the same concerns about applicability to today's children would remain.
Tooth and Surface Data
Occlusal surfaces. Critical questions about the magnitude of expected benefit from sealants concern which surfaces, and combinations of surfaces, can be expected to become carious in the absence of sealants, as well as the timing of these changes. For sealants to make any sense at all, the surfaces to which they will be applied must have some reasonable probability of becoming carious. Figure 1 presents age-specific data from NHANES I to show the percent of occlusal surfaces that were carious in the United States at that time. (The curves presented in Figures 1 to 6 have been slightly smoothed. The actual percentages for each age and surface are reported in Table 1 . Note that Figure 1 groups the bicuspids in a slightly different manner than does Table 1 .) The data demonstrate that for the occlusal surfaces of permanent molars at least 70 percent eventually become decayed or filled. This level is reached approximately 10 years after eruption. It is notable how much alike the patterns for the first and second molars are, except that the second molars are six years behind. The patterns for the occlusal surfaces from the HHANES data are remarkably Buccal and lingual surfaces. For the buccal surfaces of the mandibular molars (Figure 2 ), the pattern of caries and fillings is one of a slow rise to approximately 35 percent for the first molars and 20 percent for the second molars. These peaks are reached after age 20 for the first molars and at about 30 years of age for the second molars. For the lingual of the maxillary first molars, the peak of approximately 25 percent is reached around age 25. For buccal and lingual surfaces on the molars, the HHANES data (Table 2) are the same or slightly higher than the equivalent data from NHANES I.
Proximal surfaces. From these data on pits and fissures, there appears to be ample reason to place 33  9  7  63  65  39  25  26  29  16  32  26  16  11  20  38 44  27  10  8  62  62  41  28  21  29  18  30  21  14  7  15 36  47  27  9  8  65  62  42  29  20  29  18  32  22  18  11  22  37  43  25  9  8  62  59  46  34  23  27  21  32  27  19  11  22  37   40   22  9  8  64  60  46  35  23  29  23  35  27  24  14  27  40  37  20  6  6  63  58  43  31  23  27  19  31  25  23  12  26  35  37  23  9  6  64  60  45  30  18 29  22  35  27  20  13  25  40  39  20  9  8  51  47  38  29  17 24  20  29  22  20  13  25  32  26  15  8  8  53  54  45  33  21  25  25  32  28  22  13  25  38 28  15   5  4  48  46  38  34  21  23  18  28  26  19  14  22  33 26  12  6  6   56  55  45  36  14  30  22  35  31  25  14  28  40  28  15   5  5  50  47  40  32  15 24  22  27  23  23  14  25  31 25  16  4  6  51  46  44  32  17  17 20  29  24  21  11  25  34  27  12  6  5  49  48  39  36  13 22  18  32  27  22  16  26  36  22  12  5  6  25  20  15  26  31 29  13  6  4  54  45  40  33  13 21  19  26  42  37  41  29  13  17  16  29  21  17  11  20  28  23  9  4  4 sealants on all of these teeth. The nature of proximal restorations usually dictates, however, that the occlusal surface also be prepared and restored, whether it be carious or not. The probability of proximal lesions on these teeth, and the time of their appearance, is therefore also of importance to the value of sealants. Figure 3 shows the pattern for mesial and distal involvement in the permanent molars for the NHANES I data. Over 30 percent of the mesial surfaces and 30 percent of the distal surfaces in the first molars are carious in adults; a somewhat lower level is eventually reached in the second molars. Again, these may be underestimates, because of the growing percent of missing teeth into adulthood. An important factor to consider is that the proximal lesions appear later than I17 Combinations of surfaces. Possibly the most important data are provided by subtracting the proximal surface data from the data for the occlusal surfaces. Figure 5 shows the percent of the various tooth types from NHANES I that have filled or decayed occlusals, but have both proximal surfaces sound. In one sense these teeth can be characterized as the potential "successes" with respect to sealants. The occlusal is carious, but the proximals are not. An important thing to notice is that the patterns for molars are remarkably different from the patterns for the bicuspids. Molars eventually achieve a level of around 50 percent in this category-that is, occlusal caries or fillings could have been potentially avoided in at least half ofall molar teeth. The similarity of the patterns of first and second molars, except for the six-year offset, is again evident. The bicuspids, on the other hand, never get appreciably above 10 percent. So while sealants have the potential for preventing the need for occlusal fillings in 50 percent of the molars, sealants can do no better than to save the need for occlusal fillings in 10 percent of the bicuspids.
Another important characteristic is the apparent rapid drop-off in the percent of these potential "successes" that appears approximately 10 years after eruption. The source of this drop-off is important. Until approximately 30 years of age, the majority of this drop-off is because of proximal lesions. In other words, many of the occlusal surfaces that could have been saved by occlusal sealants would eventually be filled because of the need for proximal restorations. Sealing of buccal and lingual pits of molars is, of course, not subject to later loss because of proximal caries. Beyond age 30, a growing majority of the drop-off is attributable in the NHANES I data to tooth loss, and therefore, with these data, is impossible to characterize with precision.
In contrast to the data from NHANES I, the data in Table 2 from HHANES show a consistent pattern of lower prevalence for both occlusal and proximal surfaces. While the populations from which the data come are not the same and therefore should not be compared directly, the fact that Hispanic children from HHANES are remarkably similar to all children from the same region at roughly the same time (8) suggests that the caries patterns from HHANES are a plausible representation of the patterns to be expected in lower-prevalence populations. Figure 6 combines the curves for the potential "successes" for first and second molars from the NHANES (1971-74) data with those from the HHANES (1982-84) . The combined data in Figure 6 demonstrate that for approximately 15 or 20 years following tooth eruption there are fewer potential sealant "successes" in the lower-prevalence population than there were in 1971-74.
The main reason for the reduced number of potential successes in the first two decades after eruption in the lower-prevalence population is the smaller number of occlusal lesions and fillings in childhood. While there is also a considerable reduction in proximal lesions and fillings at the same ages, the absolute numbers involved are smaller; therefore, the occlusal changes are the primary reason for the difference in potential successes between the two groups. By early adulthood, however, this pattern appears to change. The reduced prevalence of proximal lesions begins to overcome the reduced prevalence of occlusal lesions and fillings. This combination, together with fewer missing teeth (see Table 3 ), produce a net increase in potential sealant "successes" in adults in the lower prevalence population.
Discussion
The usual concern with the use of cross-sectional data to characterize a disease is that if disease levels are changing, the pattern revealed may not properly represent the actual disease experience of any particular age group. In the instance of a declining disease, the levels in the older age groups will not be reached by those in the younger ages as they get older and the levels in the younger groups are lower than the older group experienced when they were young. While longitudinal data are clearly superior for characterizing the pattern experienced by a specific group, these data too may be of limited value in understanding past or future patterns. In the circumstance of changing disease levels, it is not at all clear that longitudinal data are superior to cross-sectional data for forecasting future patterns of disease. Potential uncertainties come not from the type of the data, but from the fact that caries rates are changing. The real challenge then, regardless of the type of data, is to use the available data with appropriate caution regarding the likely effect of changes in disease patterns.
The data presented from NHANES I suggest patterns of development of dental caries that appear to be highly favorable for the use of fissure sealants. Occlusal caries in the permanent molars occurs many years in advance of proximal caries, and occurs in a high enough percentage of children to warrant a serious preventive effort. Even if some of the "saved" occlusal surfaces are lost later in life because of restorations to proximal lesions, these surfaces still represent restorations prevented because only one restoration to the occlusal surface instead of two is required.
It has been argued that the recent caries reduction makes the picture for sealants even more fa-vorable (1). The reasoning behind this assertion is that the major source of the recent caries decline is a decline in proximal caries. The data presented, however, reveal that to accomplish reductions in caries of the magnitude reported since the time of the NHANES I survey-36 percent in the National Canes Prevalence Survey (4)--the majority of the reduction (in absolute terms) must have come from pit-and-fissure canes, because children at the time of NHANES I simply did not have many proximal lesions. For example, in 12-year-old children, only seven percent of first molars had one or more proximal lesions, while 56 percent of the same teeth had carious or filled occlusals. Clearly, a caries decline of the magnitude reported in the last few years must be partially attributed to a decline in occlusal caries. The difference in potential sealant "successes" in children between NHANES I and HHANES is, in fact, largely attributable to lower prevalence in occlusal caries. This phenomenon has been noted by several groups of researchers. Stamm stated that "[in the Netherlands] over the period from 1969 to 1978, it has been the decline in occlusal fissure caries that has accounted for the largest absolute drop in decay" (9) . Reduction in the range of 30 percent in the occlusal surfaces of molars between NHANES I and the National Caries Prevalence Survey have been reported by Swango and Brunelle (10 It has been noted already that the caries prevalence in HHANES is markedly lower than in NHANES I on occlusal and proximal surfaces. An unexpected finding is that filled or carious buccal surfaces on mandibular molars and lingual surfaces on maxillary molars are at least as prevalent in HHANES as they were in NHANES I. If this finding is valid, that is, if buccal-and-lingual-pit lesions have reached some sort of "lower limit" below which they will not fall despite declining prevalence on other surfaces, it will be of great importance to the potential value of sealants. The reader is cautioned, however, not to accept this finding without reservation. Perhaps the most plausible explanation is that because far fewer teeth are lost to extraction in HHANES than in NHANES I (Table  3) , that more of the carious and filled buccal and lingual surfaces are still available for scoring. If one assumes that a high percentage of extracted molars in children and young adults had a filled or carious buccal or lingual pit, then the prevalence for those surfaces could, in fact, actually be lower in HHANES than NHANES I.
While adequate data from young adults presently are not available, the available data do suggest that because of the current decline in caries prevalence, the potential "successes" curve will be lower in children because there will be fewer occlusal lesions to prevent. If the current caries decline is at least partially a phenomenon of delay as opposed to true primary prevention as described by Jackson (12) , the curve will climb with posteruptive age, but at a slower rate. In addition, if the caries reduction also applies to the proximal caries that is first diagnosed in adulthood, the curve will not exhibit the abrupt falloff seen in the NHANES I data. The net result could be an apparent reduction (relative to NHANES I) of the potential for sealants in childhood, but an enhancement of their ultimate value when the child reaches adulthood-very much like the pattern in Figure 6 , which compares NHANES I with HHANES. The likely net effect of the recent reduction in dental caries is, therefore, to reduce the number of sealant "successes" in the short run, because fewer occlusal lesions are occurring in young children, and to increase the number of "successes" in the long run because of a likely reduction of proximal caries in older children and adults.
Conclusions
1. At the time of the NHANES I survey, occlusal caries or restorations could have been prevented by sealants in at least 50 percent of all permanent molar teeth. For bicuspids, occlusal caries or restorations could have been prevented in approximately 10 percent of the teeth.
2. In comparing U.S. children in 1971-74 (NHANES I) with a lower-prevalence population (HHANES, 1982-M), the greatest absolute difference in canes is in occlusal lesions and restorations.
3. If sealants were to come into widespread use, the likely net effect of the recent reduction in dental caries would be to reduce the number of sealant "successes" in the short run because fewer occlusal lesions are occurring in young children, but to increase the number of "successes" in the long run because of a likely reduction of proximal caries in older children and adults.
